Hadron Production at RHIC
A few applications
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Introduction

Neutral =° Production P+p—> 7 +X
Charged n* Production P+p—>7" /7 +X
Charm-Associated W= Production

Summary Pp+pPpo>W +c/C+X



IInUoducnon

Spin Content: AX, AG . AAC, PRD69, 054021 (2004)

| — AACO3
== GRSV

« 1st stage — polarized DIS 02]

1 --- BB

— Extraction of Z£Aq; 7 LSS xAZ(x)
— Au,, Ad,: well determined
— Flavor blind

— AX~0.1-0.3 e

{].Ol}ll {]{I]l | Oll | 1

 2nd stage — RHIC, semi-
Inclusive DIS
— Extraction of Ag, As
— Flavor structure of AgP”
- AG~0.5=*1.2
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RHIC experlments

* — Prompt photon production
e (g process dominates, no FF ambiguity, low statistics

— Heavy flavor production
e gg process dominates

— Pion production
* High statistics, many sub-processes

o Aq
% — W= production: AT, Ad
— Charm-Associated W* production: AS, AS
 Flavor decomposition
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e 200 GeV Run
—Neutral n° Production

P+p—o7n’+X
—Charged n* Production

P+Ppo>x Iz +X
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II NegatlveAsymmetry

Js =200 GeV, |5]<0.35

°
°
PHENIX Collab.
PRL93, 202002 (2004)
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B. Jagar et al.,

PRL92, 121803 (2004)

Comparison A ;™ with the PHENIX data

PQCD prediction indicates positive asymmetry.

0.05 F
0.03 F

0.01 E

Ag = p input

Ag=-g input

GREV “and”

Ag =0 input

Upper bound
Ag=g

If Ag(x)=0 at
initial scale,
Ag(x) has finite
value through
Q2 evolution.

Page-5



Incluswe nO Productlon @RHIC

e Subprocesses for n? production

— O(as?) 22 tree-level channels in LO

g9 = q(9)X, qg —q(g9)X, qq— 09X,
qq —q(9,9)X, g9’ —=gX, qg — gX

28 b =t )

well-defined in perturbation theory in o
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Incluswe nO Productlon @RHIC

e Dominant contribution:
gg > d(g)X :insmallp,

=S 9=

g9 —>q(g)X :inlargep;

E X ?—é + permutations

e n¥spin asymmetry is sensitive to Ag(x).

j> Determined by a balance between
gg and gg contributions.

I
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Longitudinal Double Spin Asymmetry:

[do,, —do,_]/dp;, dAo/dp;

ALL ) [do-++ + dO'+_]/de ) d(T/de

dAo _1{d0++ B d0+}

7|<035, Q°=py

dp; dp,  dp;
_Zjdnjdx jdxbjdz Af_(x_,Q%)Af, (x,,Q° ) dAg D7 (z,Q%)
J 5
PDF and FF: \
Determined using Amplitude:
experimental data Calculable in pQCD

Where does the inconsistency come from?
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Where does amblguny come from’> _

 Fragmentation function: D*(z) PHENIX Collab. PRL91, 241803 (2003)

— Unpolarized =n° cross section by LE ml a)
the PHENIX is consistent with &
PQCD calculation. E o ¥ PHENIX Data
3:‘ . — KKP NLO
Js =200 GeV, |y|<0.35 NN
10°
— Determined from e*e” data 107
10" “a
. . . ;?““;_IIIIIIIIIIIII};)
» Pol. quark distribution: Aq(x) Pl ] S—
- : . 7 S S ‘
— Flavor blind reaction -T:— . .
= )
— Depends on the sum Ag(x)+Aq(x). S 2f
a5 0 j—@%—
G e | d)
R T i e )
j> Ambiguity comes from Ag(x) 0 |+ Tt
0 5 10 b (GeV! ‘:1}5
K. Sudoh
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I\/Iodlflcatlon of Ag(x)

Can we obtain negative asymmetry by modifying Ag(x)?

3 configurations of Ag(x) within their uncertainty

« Scen.l standard Ag

— global analysis with pol. DIS 0-45 AC
— A, does not become negative. 03] . cample-1
« Scen.2 Agwith a node — 027 =~ sample-2
— possibility gg<0 (Ag(x,) Ag(x,)<0) F 4;:
— |x,-%,| is small in 7<0.38 . N e
 Scen.3 negative Ag ol e
— 99>0, qg<0 PO
— |Ag(x)| is small in low X 0.001 0.01 0.1 1
— |Ag(X)| is large in high x X

Ag(x) has Q2 dependence by DGLAP equation.
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M. Hirai and KS, PRD71,014022 (2004)

« AAC Ag(x) 0.06
— Both ggand qg >0 0.05 _ﬂ‘“‘l .
{ - - sample-
— A, is positive and increases with p; R
e Sample-1 - et
o < 0.02]
— INIOW Py 0.01-
 Both gg and qg <O 0] i
« Slight negative A, in 7<0.38 Pt I T
In Iarge 0 0 2 4 6 3 10 12 14
- T Py
 Both gg and qg >0 0.4; e
« A  becomes large positive 031 . cample-1
° Sample-Z = 0.24 == sample-2
— 99>0, qg<0, A, <0 in whole p; g ox ,
|A, | becomes larger to negative L s
011 e T
Difficult to obtain sizable asymmetry inlowp, 4
since partonic cross section itself is too small.  0.001 0.01 0.1 1

K. Sudoh Page-11



0.07

0.06
0.05
0.04
0.03
0.02
0.01

-0.01

0.07;
0.064

0.057
0.04]
0.03]
0.02]
0.017

-0.014

K. Sudoh

qg process dominates in large p;

Ag{(AU+Ad)D”+ +Au-D” +Ad-D§+}

)

positive

negative \

Ag{(Au+Ad)D; +Au-D] +Ad-Dj |

of. Dy =D;, DI >D], Df <D

g ? u !

D' =(D; +D] )/2

n* IS more promising than .
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Neutral nvsCharged T

Ag (Au+Ad)D; +Au-DJ +Ad-DJ

T
AL ~— in large
““ g (u+d)Df+u-D7 +d-Df I Pr
0.07
po6, RS AAC Ag(x)
0.05f ~T & T a - Difference p;> 6 GeV
L B e e Y
AL 003
0.02
0.01] Sample-2 Ag(x)
0 (small negative Ag(x) )
) AL~ AL~ AL

If |Ag(x)| is small, asymmetry has no significance among =°, n*, 7.
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SpmAsymmetry of * -

e Spin asymmetry
Aa " —Ac”

A{TL 7= G/f' . Gﬂ'_ : V

 Ag(x,)e[Au,(x)-Ad, (4)]e(Df

Only qg process survives!!

g(x,) e[u, (%) —d,(x,)](Df

« Advantages

— Elimination of other processes

g9—9g, qg—>gg: D™ = D "
g9—>qq, qu—>q’7’: ED™ = ED*”
— Sensitive to the sign of Ag

— No D, ambiguity
— Well determined Au, - Ad,

K. Sudoh

~D; )+(a<>b) {D; -D"

=Dj =D] =D}

-Df)+(@eb) | |pr=Dr =D =DF =D
M. Hirai and KS, PRD71,014022 (2004)
0.25
JS =200 GeV
7] <0.35
0
. Ag\acos
AI.J’.
£425——7
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©
SenS|t|V|ty to experlmental data

@ 082 080 078 076 074
R, 72 6.4 57 52 47
Rasymn 5.0 5.1 53 55 56

e Statistical errors

- 1 1 <Jl+« N™ o -
oA, " = 2 - | AT N* =L,0
P JN” (1-a) N

e Ratio of n® and rwt
_SALT 1 l+a AT
Rsta 5 A{TE \/E 1_ o ’ Rasym A{ri

 Experimental impact: p->11 GeV
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Uncertalnty of ALL

e Asymmetry uncertalnty
comes from Ag
uncertainty

« Asymmetry uncertainty g
can be reduced by
rather lower luminosity

— 10 pb1: 8Ag/4

. -0.5 T T
* (g process dominates 0 2 4 6 8 10 12 14

— Prompt photon production PT(Gev)
needs more luminosity,
over 100 pb-!

Experimental statistical error:

- 1 1 Jl+a N I
5A'L - 2 + ! a= A N = Linto-
P/ N~ (1—0() N
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500 GeV Run
— W= Production

AT Ad
>/M W- >/VW W+
d u

—Charm-Associated W= Production

As, Ad W- A5 Ad W+
g e § H
g c q c
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IV Charm Assouated W Productlon'

W £ production is sensitive to Au(x), Ad(X).
AT+d >W ™, Ad +u—>W*
— identified by tagging the charged lepton: W-lv
Charm-associated W # production is also interesting!!
- LO AS'(Ag)+g(s') >W ™ +c
— NLO As'(Ag)+g(s) >W™ +c+g & virtual corrections
Ag+g—>W +c+C, Aq(AT)+7(q) >W +c+7S,

AS'(AQ)+q(s) >W™ +c+q(
s'=|V, \ s+\Vd\ d

ﬁ Sensitive to the polarized s quark distribution

p+p oW +c/C+X at RHIC

K. Sudoh Page-18



e Subprocesses for W+ production

— O(aa,,) 2- 2 tree-level channels in LO

Az Ad .i’{"-_ ;.“-I, 1_1;_
As, Ad W- Ag W-
s,d € s,d c
Ll e g [

well-defined in perturbation theory
e Spin asymmetry is sensitive to As(X).

j> Need to separate As g from Ag s.
Examine CKM mixing As and Ad.
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Observables

Longitudinal Single Spin Asymmetry:
w _ldo, —do_]/dp.dy, _ dAc/dp,dy,

~[do, +do_]/dp,dy,  do/dp,dy,
dAc 1{ do,  do }

L lyw| <15 Q* =My

dp;dy, 2| dp;dy, dp;dy,
A
_ ZI dx jmndx AF (%, Q%) F,(%, Q%) - dAg
f.f, dp; dy,,
e Polarized PDFs: Af(x, Q%)
— AAC Asymmetry Analysis Collaboration,
Y. Goto, et al., Phys. Rev. D62, 034017 (2000).
— GRSV M. GI”uck, et al., Phys. Rev. D63, 094005 (2001).

E. Leader, et al., Eur. Phys. J. C23, 479 (2002).
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Polarlzed Cross Sectlons

d(A)s" Idp, [pb/GeV]

p+p>W +c+X Js =500GeV, m, =1.2GeV, Q> = M
o =4.29pb (GRV98), Ao =1.105pb (AAC) { pr <50 GeV
=0.783pb (GRSV) -1.5<y, <15
Rapidity distribution is due to
the pure V-A nature of weak interaction
1005 : : : | : | : ! 1.2 . I . I T —1— unpol x 1/2 (GRV98)
E — unpol (GRV98) E 1__ - éégv
al RS |
10 E_ e
107 50 15 1/ 05 0 05 I 15




Slngle Spln Asymmetry

p+p—>W +c+X Js =500 GeV, L=800pb™

As dominates in y—+1.5, whereas Ag in y--1.5.

:> Possibility to separate As from Ag

1 T | T | T | T |
—_ Ags | AAC/GRV98

1 T | T | T | T |

— AAC | 2Gev < P, < 50 GeV

LSS




Error Estlmatlon

1 T | T | T | T |
1 1 " [ Ags| AAC/GRV98

SA" = _
A N |

beam polarization ~70%

. total cross section

integrated luminosity ~ 800pb™
detection efficiency ~10%

> - Q o

& might be overestimated, but the sign of As(x) might
be determined.
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Polarlzed Cross Sectlons

P+Pp>W +C+X Js =500GeV, m_=1.2GeV, Q2 = M2
o =1.78pb (GRV98), Ao =0.346pb (AAC) { p, <50 GeV
=0.193pb (GRSV) -1.5<y, <15
10° . — T3 0.8— : : — unpol x 1/2 (GRV98)
S — unpol (GRV98)| 1 I T GRSy
© 107F - AAC E = oS
E. 2 osb -
gt ER j
& 10°F N 8 o4 s
2 N E S I |
+ Al \\ \;\f"—_:::-"—-‘—?:::_? 9\
grg o % \\ ,// \\ .’/ % _\g/ 0.2 —]
5 107 . E -
106 20 % % = %0 A5 15




p+p oW +CT+ X

We can remove the contribution from the valence d-quark
distribution. But Ag(x) is still large iny ~1.5.

Large y behavior come form ambiguity of As(x).

33—/ 0.8.|.|.|.\|.\A|./\

AAC/ GRV98 ] | [— AAC | 2GeV <p <50GeV




V. Summar

o Correlation between =0, n* spin asymmetry and Ag(x)
IS studied.

— It is extremely difficult to derive sizable A | in a few % level
at low P;, even more for negative A, .

— Looking forward to next data.
« New asymmetry A " is proposed.
— gg process can be eliminated in all order of perturbation.

— Asymmetry is large, sensitive to the sign of Ag.

« Charm-associated W=* production is studied for
extracting As.

— It can be separated As from Ag.
— Need more energy and luminosity - RHIC ?

K. Sudoh Page-26



	I. Introduction
	RHIC experiments
	
	II. Negative Asymmetry
	Inclusive p0 Production @RHIC
	Inclusive p0 Production @RHIC
	Double Spin Asymmetry
	Where does ambiguity come from?
	Modification of Dg(x)
	ALLp0 with modified Dg(x)
	III. Charged Pion Asymmetry
	Neutral p0 vs. Charged p+p-
	Spin Asymmetry of p+- p-
	Sensitivity to experimental data
	Uncertainty of aaaaa
	
	IV. Charm-Associated W  Production
	LO Diagrams of Subprocesses
	Observables
	Polarized Cross Sections
	Single Spin Asymmetry
	Error Estimation
	Polarized Cross Sections
	Single Spin Asymmetry
	V. Summary

